Highlight: Fall, winter, and spring applications of 20 lb. Nfacre as urea or as ammonium nitrate were applied in each of 3 years to two introduced grasses, crested and Siberian wheatgrasses, on Oregon's high desert range. Mature herbage yield increased with fertilizers, but there were no significant interactions with application date. Urea increased mean yield 3% more than did ammonium nitrate, but the increase may not be of practical significance. Crude protein concentration of mature yields, evaluated in 1 year only, was not influenced by either fertilizer or application time. Fall-and winter-applied N fertilizer increased available soil nitrate concentration in mid-April, but differences due to date and source of N were nil.
greater part of the precipitation would have been received, and only that remaining to be received in the subsequent 2-3 months need be estimated by predictions.
Because of technological advances in the past decade, urea is a strong competitor as the cheapest source of N. Comparisons of urea with ammonium nitrate are lacking for the semi-arid range area.
This paper compares mature yields in 3 years, available soil nitrogen in 2 years, and herbage concentrations of crude protein in 1 year as influenced by urea and ammonium nitrogen fertilizer applied in fall, winter, and spring.
Procedure
The study site is located within the Squaw Butte Experiment Station, 42 miles west of Burns, Ore. Annual precipitation at this 4,300 ft elevation station is approximately 12 inches. Big sagebrushbunchgrass types dominated the areas now seeded to introduced species. The sandy-loam soils supporting these stands have been described by Eckert (1957) .
The study was conducted with the 3 years (1969, 1970, and 197 1) seeded in 1957 and comprising a portion of a larger study (Hyder and Sneva, 1963 
Results
Surface and subsurface soil moisture characteristics at the time of fertilizer application in each year, average maximum and minimum soil temperature at 2 inches, and mean air temperature in the week following are shown in Table 1 . Total crop-year precipitation (Sept. l-June 30) was 10.7, 9.9, and 11.4 inches for the years 1969, 1970, and 197 1, respectively.
Significant differences due to species interaction did not occur. Thus, the data were analyzed as that of one species with eight replications. The herbage will here-'The mention of a proprietary product does not constitute a guarantee of the product by U. S. Dep. Agr., and does not imply its approval to the exclusion of other products that may also be suitable. Mean N response by years was 28, 12, and 38% for 1969, 1970, and 1971 , respectively, and was in direct relation with total crop-year precipitation received. Mature yields were increased 23% with ammonium nitrate and 26% with urea fertilizer. The small response to N in this study is believed to have resulted from the manner in which the study was conducted. Although individual rows at 1-ft spacings are quite discrete, it is unlikely that their root systems are. I believe that the adjacent buffer rows were obtaining some of the applied fertilizer through their root system; subsequently, less applied N was available for grasses in fertilized rows. This dilution effect may have reduced the opportunity to detect differences due to treatments.
The small differences between response to ammonium nitrate and urea, though significant, may not be of practical significance.
The lack of strong differences between these two fertilizers in this study agrees with results on wild-flood meadows (Rumburg, 1961) .
Bleak (196 1) and Hull (1963) found spring applications of N no better than fall applications on grasses growing at high elevations. Equality of response to application in the fall, winter, and spring months in this study are in accord with their findings.
Nitrogen fertilization has often increased crude protein concentrations in herb age grown on semi-arid lands (Duncan and Hylton, 1970) . However, in the majority of studies they reviewed, the rates of N used were substantially higher than in this study. Previous research at this Station suggests that 20 or 30 lb N/acre would increase crude protein concentrations in dry years but not in normal or above-normal years (Sneva et , 1958; and Sneva, 1965) . Fertilizers applied in the fall and winter months in 2 years increased available soil nitrate at all sampled levels; largest increases were in the surface 3 inches. The greatest increase occurred in 1970. Differences in growth activity of the grass, and hence the rapidity of removal of available N, probably accounted for differences between the 2 years. Mean maximum temperature for the S-day period prior to sampling was 52 F in 1969, approximately 8F warmer than that for a similar period in 1970. Thus, growth in 1969, particularily on unfertilized plots on or about April 10, may have been utilizing all soil N available. This total use of mobilized soil N by growing grasses is not uncommon in grassland soils (Walker, 1956) . Except for available soil nitrate data of March 14, 1969, the levels of available nitrate as influenced by the date of application also indicate agreement with the harvested yield data.
Fertilizers applied in early fall of 1970 were exposed to dry soil conditions as long as 4 weeks. In February and March, 1969, application of N was on deep snow. Losses of N may occur through gaseous processes under these circumstances. Wullstein and Gilmour (1964) suggest that gaseous losses of N from surfaceapplied N fertilizers on rangelands may be of economic significance. If such losses took place in this trial and differed because of date of application, those differences were masked by other factors more dominant or similar for all dates.
Conclusions
Urea fertilizer was slightly more effective (3%) than ammonium nitrate in increasing mature yield of crested wheatgrass. No difference in mature yield increase was found among fertilizer applications made in the fall, winter, or spring. Thus, fertilizer purchase time relative to market prices, storage opportunity and cost, and application time relative to seasonal workload can be important considerations when figuring the economics of N fertilization of crested wheatgrass on eastern Oregon rangelands.
Literature Cited Bleak, A. T. 1961 plant community. Laycock and Phillips (1968) have pointed out that the long--term ecological effects must be known if a herbicide is to be adequately evaluated as a method of range improvement.
Because of time consuming methods, herbicide treatments are often evaluated in terms of the response of a single species (Hyder, 197 1) ; and usually, only the short-term effects are reported.
The study presented here is an evaluation of the vegetative changes on a blue grama (Bouteloua gracilis [H.B.K.] Lag. ex Steud.) range in southeastern Wyoming, 5 years after the area had been subjected to treatment with herbicides. The treatments were made initially to investigate their effectiveness in the con-
